Rice is a staple food in Japan and provides 43% of carbohydrate and 29% of energy intake in the Japanese population. In a prospective study encompassing 83,752 Japanese men and women aged 40-79 y, rice intake was determined by selfadministered FFQ. Median follow-up time was 14.1 y from [1988][1989][1990] to the end of 2003, and HR and 95% CI of mortality were calculated according to quintiles of energy-adjusted rice intake. A total of 3514 cardiovascular deaths [1640 strokes, 707 coronary heart disease (CHD), and 560 heart failure] were documented. There was a gender difference on the effect of rice intake on the risk of cardiovascular disease (CVD). Overall, rice intake was inversely associated with CHD, heart failure, and total CVD in men but not in women. Rice intake was not associated with risk of stroke in either gender was not associated with reduced risk of mortality from CVD after adjusting for lifestyle and dietary variables. In conclusion, the consumption of steamed rice was associated with reduced risk of mortality from CVD in Japanese men but not women. This finding necessitates further investigations on the mechanisms leading to this gender difference. J. Nutr.
Introduction
Carbohydrate consumption is high in Japan and rice is its major source (1) . Rice provides fully 60% of energy of the food intake in Southeastern Asia and 35% in Eastern Asia and Southern Asia (2) . In Japan, rice provides 43 and 29% of carbohydrate and energy intake, respectively (3) . Japanese people call their 3 daily meals morning rice (Asa Gohan), lunch rice (Hiru Gohan), and evening rice (Ban Gohan). The Japanese word 'Gohan' means cooked rice. Cooked rice is equal to meal, implying how important rice is for the Japanese people (3) .
A high intake of total carbohydrates was positively associated with risk of cardiovascular disease (CVD) 11 (4) (5) (6) , but the association between carbohydrate intake from refined grain, as white rice, with risk of CVD showed mixed results among women: a nonsignificant positive association with risk of coronary heart disease (CHD) (7), a nonsignificant inverse association with risk of CHD (8) , and no associations with ischemic stroke (9) and total CVD (10) . On the other hand, among men, carbohydrate intake was not associated with either incidence (6, 11, 12) or mortality (13) from CHD. Rice intake was not associated, in either gender, with mortality from stroke among Japanese (14) or acute myocardial infarction among Italians (12) .
Among women, high-carbohydrate intake may have adverse effects on lipid and glucose metabolism (15, 16) , which is expected to increase CVD risk. On the other hand, carbohydrate intake was not associated with blood concentrations of fasting TG, HDL-cholesterol, insulin, or glucose levels among men (11) . In an Indian study, rice had the least potential of increasing postprandial hyperglycemia and TG levels compared with other carbohydrate sources such as white bread (17) . These findings taken together warrant gender-specific analyses to examine the rice-disease associations.
Furthermore, it was reported that the adverse effects of a high-carbohydrate diet on CVD risk are more evident for obese than for lean participants (4, 5) . Because Japanese populations have a lower mean BMI than Western populations do, the examination of the rice-disease associations by BMI stratification may be useful to determine whether rice intake would be protective among a high-CVD risk group with higher BMI.
In our population, rice intake was associated with lower ageadjusted mortality from stroke and CHD in men but not women, but other confounding variables were not taken into account (18) . We benefited from the large sample size and long follow-up of participants in the Japan Collaborative Cohort (JACC) Study to examine the relationship between rice intake, as a major source of carbohydrate, and subsequent risk of mortality from CVD in this cohort.
Participants and Methods
Study population. The JACC Study, a large prospective study sponsored by the Ministry of Education, Sports and Science, was conducted from 1988 to 1990. A total of 110,792 participants (n = 46,465 men and 64,327 women) aged 40-79 y from 45 communities across Japan completed self-administered questionnaires about their lifestyles and medical histories. The sampling methods and protocols of the JACC Study were previously described in detail (19) . Informed consent was obtained from participants or community leaders. The ethics committees of the Nagoya University School of Medicine and Osaka University approved the protocol of this investigation.
We excluded from analysis 16,109 participants (4683 men and 11,426 women) who reported a medical history of cancer, stroke, or CHD. We also excluded those whose responses to the FFQ were insufficient, which means 1 or more of the following: failure to give an answer to 5 or more items of the 40 food items of the FFQ, and/or no answer for current rice intake, and/or no answer for current miso soup intake, and/or no answer for current alcohol consumption. Participants with implausible energy intake [,500 kcal/d (,2096 kJ/d) or .3500 kcal/d (.14,645 kJ/d)] were excluded (189 participants). A total of 83,752 individuals (35,064 men and 48,688 women) were eligible for the study (Supplemental Fig. 1 ).
Mortality surveillance. Investigators reviewed death certificates, which were forwarded to the public health center in the area of residency. Mortality data were then centralized at the Ministry of Health and Welfare, and the underlying causes of death were coded according to the International Statistical Classification of Diseases and Related Health Problems, 10th revised edition (ICD-10). Participants who died after removal from their original communities were treated as censored cases; of the total 83,752 participants, 3436 (4.1%) moved out. Cause-specific mortality was categorized as stroke (I60 to I69), CHD (I20 to I25), heart failure (I50 to I59), and total CVD (I01 to I99).
Diet and baseline survey. Each participant was asked to fill in a selfadministered questionnaire, including a FFQ, to collect the baseline data for demographic characteristics, past and familial medical histories, and other data. Participants were asked to record the frequency of the intake of 40 foods without specifying portion size. The response was based on the usual food intake for the past year. Five responses were possible for each food item: rarely, 1-2 times/mo, 1-2 times/wk, 3-4 times/wk, and almost every day (19) . The consumption of each food item was calculated by multiplying the frequency score of consumption of each food by 0, 0.38, 1.5, 3.5, and 7.0/wk, respectively. Each portion size was estimated from a validation study (19) conducted in 85 participants of the baseline participants. As for the consumed amount of rice, it was calculated according to the number of medium-sized bowls of rice consumed in the replies in the FFQ. Each bowl was estimated to contain 140 g of steamed rice (19) . The energy-adjusted intakes of rice and other foods were calculated by the residual method (20) . Key's dietary score, a method of expressing the fat quality of the diet, was calculated using this formula: Key's dietary score = 1.353 [2 3 SFA (% energy) 2 PUFA (% energy)] + 1.52 3 [cholesterol intake (mg/1000 kcal)] 2 . A high score indicates that the diet caused increasing total blood cholesterol levels (21) .
The FFQ was validated by using four 3-d weighed dietary records (DR) over a 1-y period as a reference standard. The Spearman rank correlation coefficients for rice intake between the FFQ and four 3-d DR were 0.63 (P , 0.001) for 85 individuals in the validation study and 0.62 (P , 0.001) between 2 FFQ conducted 1 y apart (19) . The rice intake from the second FFQ (mean 6 SD) (336 6 99 g/d) did not differ from that for the DR (317 6 87 g/d) (P = 0.20).
Statistical analysis. The analyses were carried out separately for men and women, and the amount of gender-specific, energy-adjusted rice intake was modeled as categorical (5 quintile groups) variables in primary analysis. For each participant, the person-years of follow-up were calculated from the date that the baseline questionnaire was completed until the time of death, the participant moved out of the community, or the end of 2003 or 1999 (in 4 study areas), whichever occurred first.
Because most distributions for dietary variables are skewed, genderspecific medians with IQR or proportions of cardiovascular risk factors were calculated. The HR and 95% CI for mortality by disease outcome were calculated by using the Cox proportional hazard model with reference to the risk according to quintiles of rice intake. Estimates were presented as 3 models; the first model was adjusted for age only. The second model was adjusted for age, cardiovascular risk factors, and selected lifestyle and dietary variables, including history of hypertension, history of diabetes, quintiles of BMI, smoking status (never, ex-smoker, current smoker of 1-19 and $20 cigarettes/d), alcohol consumption (never, ex-drinker, current drinker of 0.1-22.9, 23.0-45.9, 46.0-68.9, and $69.0 g ethanol/d), hours of exercise (almost never, 1-2, 3-4 and $5 h/wk), hours of walking (almost never, 0.5, 0.6-0.9, and $1 h/d), perceived mental stress (low, moderate, and high), education level (primary school, junior high school, high school, and college or higher), sleep duration (#6, 6 to ,7, 7 to ,8, 8 to .9, and $9 h/d), and energyadjusted quintiles of selected food intakes including fish, fruit, vegetable, meat, milk and dairy products, soy, and total energy intake (quintiles); this was to exclude potential confounding that may arise from differences in dietary patterns and food choices among participants with high rice consumption and those without it. The last model was further adjusted for sodium intake and Key's dietary score to examine whether the rice and CVD association was independent of dietary lipid factors. We conducted tests for trend in means or proportions for each confounding variable considered across quintiles of rice intake after assigning median values for each quintile. To assess potential effect modification by BMI, we further conducted a stratified analysis by BMI tertiles for both genders. Tests for effect modification by gender or BMI were conducted with an interaction term generated by multiplying the median of each quintile of rice intake by gender or BMI. Sensitivity analyses were performed by excluding persons with a history of diabetes (n = 3659); the rationale for their exclusion was potential effect modification and potential changes in dietary habits as a result of diagnosis and treatment. Further, we tested the association between rice intake (g/d, continuous) with CVD by a 1-SD increment of energyadjusted rice intake. We also calculated the multivariable HR of 18 18 18 18 37 (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) 37 (18) (19) (20) (21) (22) (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) 18 18 18 Sodium intake, Rice intake and cardiovascular disease mortality in Japan 597 mortality after the exclusion of deaths that occurred within 5 y from baseline to check potential reverse causation for rice intake and mortality risk. All P-values were 2-sided and P , 0.05 was the significance level.
Results
At baseline, compared with men with the lowest rice intake, men with higher rice intakes were younger, less educated, and less likely to smoke, to practice sports, and to have a history of diabetes or hypertension. Women in the highest quintile of rice intake were younger, had a higher BMI, were less educated, and were more likely to smoke and to have a history of diabetes. Furthermore, higher rice intake in both men and women was associated lower intakes of alcohol, fish, meat, vegetables, fruit, and soy and a lower Key's dietary score (Table 1) .
Among the 83,752 adults aged 40-79 y at the baseline examination, there were 3514 (1927 men and 1587 women) total CVD deaths during the 14.1-y follow-up, comprising 1640 (874 men and 766 women) deaths from stroke, 707 (429 men and 278 women) from CHD, and 560 (295 men and 265 women) from heart failure.
Among men, age-adjusted HR for mortality from CHD, heart failure, and total CVD were lower in the highest compared with the lowest quintiles of rice intake, and after adjustment for cardiovascular risk factors and selected lifestyle and dietary variables, these inverse associations were slightly strengthened (Table 2) . After further adjustment for sodium intake and Key's dietary score, the associations did not materially change. There was no association between rice intake and mortality from ischemic or hemorrhagic stroke (data not shown). Among women, in the age-adjusted model, an excess risk of mortality from total CVD was observed at the highest quintile of rice intake. However, after adjustment for lifestyle and dietary variables, the excess risk disappeared. No associations were found for rice intake with stroke, CHD, or heart failure in either age-or multivariable-adjusted models. The results did not change for either men or women after the exclusion of participants with a history of diabetes mellitus from the total participants (Supplemental Table 1 ).
Furthermore, the multivariable-adjusted HR (95% CI) for mortality of CVD by a 1-SD increment of energy-adjusted rice intake (174. Adjusted for age, history of hypertension, history of diabetes, BMI, alcohol consumption, smoking status, hours of exercise, hours of walking, education level, perceived mental stress, sleep duration, energy-adjusted quintiles of selected food intakes (fish, meat, vegetable, fruit, dairy products, and soy), total energy intake, sodium intake, and Key's dietary score.
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We investigated the associations between rice intake and CVD risk after stratifying by BMI tertiles (Table 3) . Inverse associations between rice intake with CHD, heart failure, and CVD were more evident for men in the highest BMI tertile than for those in the lowest or modest BMI tertiles. The multivariableadjusted HR (95% CI) for the highest compared with the lowest quintiles of rice intake among men with the highest BMI tertile were 0.90 (0.57-1.44; P-trend = 0.88) for stroke, 0.59 (0.32-1.11; P-trend = 0.05) for CHD, 0.35 (0.13-0.96; P-trend = 0.03) for heart failure, and 0.64 (0.47-0.88; P-trend = 0.005) for CVD. There was a weaker and nonsignificant inverse association between rice intake and CHD risk for women in the highest BMI tertile (P-trend = 0.59). There were no interactions with gender or BMI for all endpoints (P-interaction . 0.05).
To examine potential reverse causation for rice intake and mortality risk, we calculated the multivariable HR of mortality after the exclusion of deaths that occurred within 5 y from baseline. For men, the inverse associations of rice intake with mortality from CHD and total CVD were slightly attenuated; the HR (95% CI) for the highest compared with the lowest quintiles of rice intake were 0.77 (0.54-1.15; P-trend = 0.08) for CHD and 0.84 (0.69-1.00; P-trend = 0.03) for total CVD, whereas that from heart failure was slightly strengthened [0.51 (0.28-0.91; P-trend = 0.01)]. For women, there were no material changes in risks of mortality (Supplemental Table 2 ).
Discussion
This 14-y prospective cohort study of Japanese men and women aged 40-79 y showed that rice intake was associated with reduced risks of mortality from CHD, heart failure, and total CVD in men but not women. These inverse associations did no change or became slightly stronger after adjustment for cardiovascular risk factors and lifestyle and dietary variables. When stratified by BMI, the strong inverse associations appeared to be evident among men with a BMI in the top tertile ($23.5 kg/m 2 ). To our knowledge, our research should be considered original in investigating the association between rice intake as a specific cereal and CVD. A recent Japanese study found no significant association between rice intake and stroke mortality in either gender after adjustment for potential confounding variables, although a positive association was observed among women in the age-adjusted model (14) .
The finding that high-saturated fat diets increase risk of CHD led to recommendations to replace total and saturated fat intake with carbohydrate intake (15, 22) . However, in postmenopausal women, such low-fat, high-carbohydrate diets affect lipid and glucose metabolism adversely, leading to increased TG, decreased HDL-cholesterol, and enhanced insulin resistance (16) . Women in our population were (mean 6 SD) 57.5 6 10 y old and 64% of them were postmenopausal at the baseline examination, which might explain why increased rice intake was not associated with CVD risk. The quality of carbohydrate is critical in that issue. Dietary guidelines advise the substitution of simple sugars and fat with complex carbohydrates (22) and white rice is a starchy food that is considered a desirable complex carbohydrate. Meanwhile, white rice is digested and absorbed quickly and has a relatively high glycemic index (4) . Previous studies of women reported protective effects of whole grain consumption on risks of CHD (7, 8, 10) , ischemic stroke (9), heart failure (23), and total CVD (10), whereas total refined grain consumption was not associated with risk of CHD (8, 10) or total CVD (10) . Interestingly, intake of refined grains, including white rice, was inversely associated with mortality from CHD; however, the association was not significant in the fully adjusted model [HR (95% CI) = 0.69 (0.52-1.21); P-trend = 0.29] (8).
The effect of high-carbohydrate intake on risk of CVD differs between genders; it may increase the risk of CHD among women (4, 5, 11) but not men (6, 11) . Two previous cohort studies of men suggested a weak inverse association between carbohydrate intake, mainly rice, and risk of CHD (24, 25) . In the Honolulu Heart Program, 8000 men of Japanese ancestry were followedup for 10 y; those who later experienced coronary events had lower intakes of carbohydrates (249.8 g/d) than did those who did not develop CHD (265.4 g/d) (P , 0.001). In the Puerto Rico Heart Health Program, a significant inverse association between carbohydrate intake, chiefly that derived from rice, and CHD was found; carbohydrate intakes were 253 g/d for men who developed CHD compared with 273 g/d for those who did not (P , 0.01). However, neither study adjusted for total energy intake, so those associations may be confounded by physical activity.
A possible reason for this gender difference regarding the effect of carbohydrate intake on risk of CVD could be that lipoprotein changes in response to low-fat and high-carbohydrate diets differ according to gender, with greater increases in TG and VLDL-cholesterol levels and decreases in HDL-cholesterol levels in women than in men (26) . Such changes in the blood lipids, i.e. increased TG (27, 28) and decreased HDL-cholesterol levels (29) , are stronger risk factors for CHD in women than in men.
Rice intake was reported to be positively associated with risk of type 2 diabetes in the Shanghai cohort women (30) and recently among Japanese women but not men (31) . Furthermore, diabetic women had a greater risk of developing CVD than diabetic men (32) . However, in an Indian study, rice had the least potential of increasing postprandial hyperglycemia and TG levels compared with other carbohydrate sources such as white bread in both diabetic and nondiabetic participants; however, the author did not present gender-specific data (17) . Also, a higher carbohydrate intake and dietary glycemic index were not associated with fasting or postload blood concentrations of insulin or glucose in men (11) . When we tested the association between rice intake and CVD without adjusting for a history of diabetes, the results did not change materially. Moreover, we found that rice intake was inversely associated with total CVD in both diabetic [ In some Western studies, high-carbohydrate diets had more adverse effects on risk of CVD among obese participants than among lean individuals (4, 5) . However, Japanese populations have a lower mean BMI than Western populations do. In our analysis stratified by BMI, high rice intake was inversely associated with risk of mortality from CHD, heart failure, and total CVD among men in the top tertile of BMI. We also found a weaker and nonsignificant association with risk of CHD among women in the top tertile of BMI. Because male gender along with higher BMI are effects in the high risk group for developing CHD in Japan (33) , it is plausible that a protective effect of rice was more evident among men with higher BMI.
Japanese rice is responsible for the provision of many important nutrients, including magnesium, zinc, copper (34), vitamin B-6 (35) , and dietary fiber (36) . Dietary vitamin B-6 intake was associated with reduced mortality from CHD in the JACC Study (37) and in another large Japanese cohort (35) . Rice was the major source of vitamin B-6 and the greatest contributor to variability (11.5% of total variability) (35) . Also, dietary fiber was inversely associated with mortality from CHD and total CVD in the JACC Study, and rice was a major source of dietary fiber and was the second greatest contributor to variability (14.0% of total variability) (36) . Rice, which is low in sodium (38) , serves as an aid in treating hypertension (39) . Moreover, rice is low in fat and is free of cholesterol (40), a dietary risk factor of CHD (41) . One of the characteristics of Japanese steamed rice is cooking only with water without addition of butter, margarine, soup, or animal fat.
Limitations of this study include the lack of multiple measurements of dietary variables to reduce measurement errors and to better assess temporal relationships between rice intake and mortality from CVD. Second, no data on glycemic load or index were available because of limited food items in the FFQ for the calculation of these indices. Lastly, rice consumption and food choices associated with rice consumption may substitute food choices that potentially affect risk of CVD. We could not run a complete substitution model due to limited food items in the FFQ. However, our adjustment for selected food groups (fish, fruit, meat, etc.) may partly exclude potential confounding from differences in the underlying dietary patterns.
The present study has several methodological strengths. The exclusion of persons with known CVD or cancer at baseline reduced bias arising from dietary changes due to known diseases. The results from a cohort of community residents are more relevant to generalizability. Furthermore, when we excluded participants who died of CVD within 5 y from the baseline survey to reduce a potential effect of preexisting unknown illness and disease, the associations did not substantially change. This supported that the inverse causality was unlikely.
In summary, we found that the intake of steamed rice was inversely associated with mortality from CHD, heart failure, and total CVD in Japanese men but not women. This gender difference could be explained by the stronger adverse effects of high-carbohydrate intake on lipid metabolism in women but needs further investigation. However, dietary habits are becoming more Westernized with a decrease in rice consumption and an increase in fat consumption in Japan. It might be an important issue in nutritional education to draw attention to the benefits of rice consumption.
